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Injection Nozzle for Internal Combustion Engines, Which Has an 
Annular Groove in the Nozzle Needle 


Prior Art 


The invention is based on an injection nozzle for 
internal combustion engines, which has at least one injection 
orifice, a nozzle needle seat, and a nozzle needle. 


Injection nozzles of this generic type, primarily in the 
partial stroke range of the nozzle needle, have a large 
variation in the flow resistance and therefore also of the 
fuel quantity injected. As a result of this, the emission and 
consumption behavior of many internal combustion engines 
equipped with these injection nozzles is not optimal. 


The object of the invention is to produce an injection 
nozzle in which the variation in the injection quantity in the 
partial stroke range of the nozzle needle is reduced in 
various specimens of an injection nozzle of the same design 
and consequently, the consumption and emission behavior of 
internal combustion engines equipped with the injection 
nozzles according to the invention is improved. 


This object is attained by means of an injection nozzle 
for internal combustion engines which has at least one 
injection orifice, a nozzle needle seat, and a nozzle needle, 
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wherein the end of the nozzle needle oriented toward the 
nozzle needle seat has an annular groove. 

In the partial stroke range of the nozzle needle, the 
annular groove in the end of the nozzle needle oriented toward 
5 the nozzle needle seat is decisive for the throttle action of 
the injection nozzle. Since it is possible to manufacture 
annular grooves with high precision reproducibility, there is 
thus very little variation in the throttle action of the 
injection nozzle between specimens of an injection nozzle of 
10 the same design. For this reason, by measuring the operating 
behavior of an injection nozzle according to the invention, 
iy the operating behavior of all other injection nozzles of the 

same design can be predicted with significantly greater 
precision and the control of the injection process can be 
;1| correspondingly optimized. 

A variant of an injection nozzle according to the 
■H invention provides that the nozzle needle seat is the shape of 
a truncated cone, which results in a favorable sealing action 
and a favorable centering of the nozzle needle in the nozzle 
20 needle seat. 

In another embodiment of the invention, the cone angle of 
the nozzle needle seat is 60° so that a favorable sealing 
action is produced between the nozzle needle and the nozzle 
needle seat . 
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In a modification of the invention, the end of the nozzle 
needle oriented toward the nozzle needle seat is a cone and 
the cone angle of the nozzle needle is up to one degree 
greater than, preferably 15 - 30 angular minutes greater than, 
the cone angle of the nozzle needle seat so that the sealing 
surface is reduced and is shifted into the vicinity of the 
greatest diameter of the nozzle needle. 

In one embodiment of the invention, the annular groove 
runs parallel to the base surface of the cone so that the same 
flow conditions prevail over the entire circumference of the 
nozzle needle. 

One variant provides that a blind hole adjoins the nozzle 
needle seat and has at least one injection orifice so that the 
advantages of the nozzle needle according to the invention can 
also be used in blind hole injection nozzles. 

One embodiment of the invention provides that when the 
injection nozzle is closed, the distance of the transition 
between the blind hole and the nozzle seat from the bottom of 
the injection nozzle and the distance of the annular groove 
from the bottom of the injection nozzle are essentially equal 
so that in the partial stroke range of the nozzle needle, the 
throttle action of the injection nozzle is defined by the 
annular groove instead of the transition. 


One embodiment of the invention provides that the width 
of the annular groove is 0.1 mm to 0.3 mm, preferably 0.16 mm 
to 0.24 mm, so that the annular groove is decisive for the 
throttle action of the injection nozzle over a sufficiently 
5 large partial stroke range. In any case, the annular groove 

must be large enough that only the leading edge of the annular 
groove throttles momentarily. 

Another embodiment of the invention provides that the 
depth of the annular groove is 0.02 mm to 0.2 mm, preferably 
10 0.08 mm to 0.14 mm, so that the volume of the annular groove 
yj remains low and consequently, so does the quantity of fuel 

y that evaporates when the internal combustion engine is 

£3 switched off. Nevertheless, the annular groove exerts a 

^ sufficient influence on the throttle action of the injection 

?1J> nozzle. 

J* In another embodiment of the invention, the blind hole is 

3 s * conical so that the partial load behavior of conical blind 
hole injection nozzles is improved. 

One modification of the invention provides that the blind 
20 hole is embodied as cylindrical so that the partial load 

behavior of cylindrical blind hole injection nozzles is also 
improved . 

Another embodiment provides that the blind hole is a 
mini -blind hole or micro-blind hole so that the advantages 
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according to the invention can be used in these injection 
nozzles as well. 

One variant according to the invention provides that the 
nozzle needle seat has at least one injection orifice so that 
5 the advantages of the nozzle needle according to the invention 
can also be used in seat hole injection nozzles. In seat hole 
injection nozzles, there is also occasionally the problem that 
due to insufficient centering of the nozzle needle in relation 
to the nozzle needle seat, the pressure of the fuel prevailing 
10 in the injection orifices distributed over the circumference 
is unequal, which can lead to unfavorable conditions in the 
£] injection. The annular groove can produce a pressure balancing 

r1 between the injection orifices so that the insufficient 

centering of the nozzle needle does not have a negative impact 
^15 on the injection conditions. 

^ Another variant provides that when the injection nozzle 

h k is closed, the distance of the piercing point of the 

longitudinal axis of the injection orifice (s) through the 
nozzle needle seat from the bottom of the injection nozzle and 

20 the distance of the annular groove from the bottom of the 

injection nozzle are essentially equal so that in the partial 
stroke range of the nozzle needle, the throttle action of the 
injection nozzle is defined by the annular groove instead of 
the transition from the nozzle needle seat into the injection 

25 orifice. 
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In one embodiment of the invention, the width of the 
annular groove is greater than, preferably one-and-a-half 
times greater than, the diameter of the injection orifice (s) 
so that the throttle action of the injection nozzle is 
influenced by the annular groove over a sufficiently large 
partial stroke range. 

Other embodiments of the invention provide that the depth 
of the annular groove is less than the width of the annular 
groove or that the depth of the annular groove is 0.02 mm to 
0.1 mm, preferably 0.04 mm to 0.07 mm, so that the volume of 
the annular groove remains low, but the annular groove 
nevertheless exerts a sufficient influence on the throttle 
action of the injection nozzle. 

Other advantages and advantageous embodiments of the 
invention can be inferred from the following description, the 
drawings, and the claims. 

An exemplary embodiment of the subject of the invention 
is shown in the drawings and will be explained in detail 
below. 

Fig. 1 shows a cross section through a blind hole 
injection nozzle according to the invention; 

Fig. 2 shows a characteristic curve of the hydraulic 
diameter of a blind hole injection nozzle according to the 


invention over the stroke of the nozzle needle; 

Fig. 3 shows a cross section through a seat hole 
injection nozzle according to the invention and 

Fig. 4 shows a characteristic curve of the hydraulic 
diameter of a seat hole injection nozzle according to the 
invention over the stroke of the nozzle needle. 

Fig. 1 shows an injection nozzle 1 with a conical blind 
hole 2. The blind hole 2 can also be cylindrical or can be a 
mini- or micro-blind hole 2. In the latter, the volume of the 
blind hole 2 is reduced in comparison to that of the design 
shown in Fig. 1 . As a result, less fuel evaporates into the 
combustion chamber when the internal combustion engine is 
switched off. 

The fuel, not shown, travels out of the blind hole 2 via 
an injection orifice 3 and into the combustion chamber, 
likewise not shown. The conical blind hole 2 is adjoined by a 
nozzle needle seat 4 that is the shape of a truncated cone. 
The nozzle needle seat 4 can have a cone angle of 60°. 

A nozzle needle 5 rests against the nozzle needle seat 4. 
Fig. 1 clearly shows that the cone angle of the nozzle needle 
5 is greater than the cone angle of the nozzle needle seat 4 . 
As a result, the contact zone 6 between the nozzle needle 5 
and the nozzle needle seat 4 is disposed in the vicinity of 


the greatest diameter of the nozzle needle 5 and the surface 
pressure between the nozzle needle 5 and the nozzle needle 
seat 4 is increased. The difference between the cone angles of 
the nozzle needle 5 and the nozzle needle seat 4 is shown in 
5 exaggerated fashion in Fig. 1 . As a rule, the above-mentioned 
difference is less than 1 degree and ranges in the vicinity of 
a few angular minutes . 

The transition between the blind hole 2 and the nozzle 
needle seat 4 according to the prior art is an edge 7 which is 
10 produced during the grinding of the nozzle needle seat 4 . 
«J2 Depending on the type of machining, the edge 7 can be a sharp 

U burr or a smooth edge. The flow resistance of the edge 7 is 

ig significantly influenced by the quality of this edge. 

^ An annular groove 8 that is cut or ground into the nozzle 

!!iH> needle 5 reduces the influence of the edge 7 on the flow 
J* resistance of the injection nozzle 1. The distance of the 

annular groove 8 from a bottom of the injection nozzle 1 is 
approximately the same as the distance of the bottom 9 of the 
injection nozzle 1 from the edge 7 . As a result, independent 
20 of the stroke of the nozzle needle 5, the throttle action of 
the injection nozzle 1 is not influenced by the geometry of 
the edge 7 or is only influenced to an insignificant degree by 
it. This effect is based on the fact that because of the 
hydraulic diameter of the annular gap between the annular 
25 groove 8 and the edge 7 - which hydraulic diameter is large in 
comparison to the annular gap between the nozzle needle seat 4 
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and the cone of the nozzle needle 5, the flow resistance in 
the latter annular gap is less than the flow resistance in the 
former annular gap. Since the two flow resistances are 
connected in series, essentially the smallest individual 
resistance is decisive for the flow resistance of the entire 
injection nozzle. 

The sequences of the variation of the flow resistance of 
injection nozzles 1 in the vicinity of the edge 7 are depicted 
in the graph shown in Fig. 2. In Fig. 2, the hydraulic 
diameter 11 of a blind hole injection nozzle 1 is 
qualitatively plotted over the nozzle needle stroke 10. The 
hydraulic diameter 11 is a value by means of which arbitrary 
cross sections that are flowed through can be made comparable 
with regard to their flow resistance. The flow resistance of a 
tube with a circular cross section is used as a reference 
value. A cross section with a large hydraulic diameter has a 
low flow resistance and vice versa. 

In Fig. 2, the nozzle needle stroke 10 has been divided 
into two ranges. A first range extends from zero to "a"; the 
second range, which will be referred to below as the partial 
stroke range, extends from "a" to w b" . The full nozzle needle 
stroke is reached at "c" . 

When a closed injection nozzle 1, in which the nozzle 
needle 5 rests against the nozzle needle seat 4, is opened, 
with a very small nozzle needle stroke 10, a very narrow gap 
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is produced in the vicinity of the contact zone 6, as a result 
of which the pressurized fuel can flow into the blind hole 2. 
This very narrow gap decisively determines the flow resistance 
of the injection nozzle 1 and therefore also determines the 
5 hydraulic diameter 11. Since the flow resistance of this very 
narrow gap is high, the hydraulic diameter 11 of the injection 
nozzle 1 is very small with a very small nozzle needle stroke 
10 . 

In the partial stroke range between "a" and "b" , the flow 
10 resistance of injection nozzles 1 according to the prior art 
yj is decisively determined by the edge 7 between the nozzle 

£j needle seat 4 and the blind hole 2. Consequently, in the 

Jfj partial stroke range, the edge 7 is also highly significant 

l' t t s for the hydraulic diameter of the injection nozzle 1. This 

*\5 means that changes in the geometry of the edge 7 result in 

changes to the hydraulic diameter 11. In the vicinity of the 
ih* full nozzle needle stroke "c" , the injection orifice 3 of the 

"WIS? 

injection nozzle 1 is decisive for the hydraulic diameter of 
the injection nozzle 1. 

20 In accordance with the above, variations in the geometry 

of the edge 7 lead to a change in the characteristic curve 12 
of the injection nozzle 1 primarily in the partial stroke 
range between "a" and w b" . 

Fig. 2 shows characteristic curves 12 and 13 of an 
25 injection nozzle 1 according to the prior art and a 
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characteristic curve 14 of a blind hole injection nozzle 1 
according to the invention. With the injection nozzle 1 
according to the prior art, the nozzle needle 5 has no annular 
groove. Because of the above-described variations in the 
geometry of the edge 7, the characteristic curves of different 
specimens of injection nozzles 1 of the same design also vary, 
particularly in the partial stroke range. This is shown in 
Fig. 2 by the deviations of the characteristic curves 12 and 
13 from each other. 

The characteristic curve 14 represents an injection 
nozzle according to the invention in which the edge 7 does not 
influence the throttle action, primarily in the partial stroke 
range, since the fuel can be diverted into the annular groove 
8 . As a result, the hydraulic diameter 11 of the injection 
nozzle 1 according to the invention is greater in the partial 
stroke range than that of injection nozzles 1 according to the 
prior art. Primarily, however, the characteristic curves 14 of 
different specimens of injection nozzles 1 with the same 
design according to the invention vary much less, particularly 
in the partial stroke range, since the geometry of the annular 
groove 8 can be manufactured with higher precision 
reproduc ibi 1 i ty . 

In mass-produced internal combustion engines, the program 
map of the engine and the associated injection system is 
determined by measuring one or more selected test specimens. 


11 


The program maps that are determined in this manner form the 
basis underlying all injection systems of the same design. 

It will be assumed below that the characteristic curve 12 
is a measured characteristic curve and that this 
5 characteristic curve 12 is stored in the control unit of the 
injection system. It is also assumed that an injection nozzle 
1 selected from the mass production has the characteristic 
curve 13. If the injection nozzle 1 with the characteristic 
curve 13 cooperates with a control unit in which the 
if ip characteristic curve 12 is stored, then the actual injection 
±r quantity in the partial stroke range of the injection nozzle 1 

f J with the characteristic curve 13 does not coincide with the 

;;U optimal injection quantity according to the characteristic 

iyl curve 12 measured in the test specimens so that the power 

p5 and/or emission behavior of the internal combustion engine is 
i|Li impaired . 


With the injection nozzles 1 according to the invention, 
the characteristic curves 14 vary to only an extremely slight 
degree so that in all internal combustion engines equipped 

20 with injection nozzles 1 according to the invention, the 

correspondence between the characteristic curve 14 stored in 
the control unit and the characteristic curves 14 of the 
installed injection nozzles 1 is significantly improved. In 
comparison to the variation in injection nozzles 1 according 

25 to the prior art, the correspondence can, for example, be 

improved by a factor of 2 to 3 . As a result of this, the fuel 
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quantity actually injected corresponds precisely with the 
injection quantity preset by the control unit and the 
consumption and emission behavior of the internal combustion 
engine is optimal. 

Fig. 3 shows an injection nozzle 1 according to the 
invention, with injection orifices 3 embodied as seat holes. 
The reference numerals correspond to the related numerals in 
Fig. 1. The essential difference lies in that in the partial 
stroke range, instead of the edge 7, the transition 15 between 
the nozzle needle seat 4 and the injection orifices 3 is 
decisive for the flow resistance of the injection nozzle 1. In 
seat hole injection nozzles, the annular groove 8 according to 
the invention is disposed at the level of the injection 
orifices 3 so that the influence of the transition 15 between 
the nozzle needle seat 4 and the injection orifices 3 on the 
flow resistance of the injection nozzle is sharply reduced. 
The distance of the annular groove 8 from the bottom 9 of the 
injection nozzle 1 is approximately equal to the distance 
between the bottom 9 of the injection nozzle 1 and a piercing 
point 16 of the longitudinal axis of the injection orifice 3 
through the nozzle needle seat 4 . As a result, independent of 
the stroke of the nozzle needle 5, the throttle action of the 
injection nozzle 1 is not influenced by the geometry of the 
transition 15 or is only influenced to an insignificant degree 
by it. 
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Fig. 4 shows the characteristic curve 12 of an injection 
nozzle 1 according to the prior art and the characteristic 
curve 14 of a seat hole injection nozzle 1 according to the 
invention . 

5 That which is mentioned above in relation to blind hole 

injection nozzles also applies correspondingly to the seat 
hole injection nozzles according to the invention, with the 
differences mentioned . 

All features contained in the description, the following 
M) claims, and the drawings can be essential to the invention 

both individually and in arbitrary combinations with one 
~!zi another. 
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